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LOCOMOTIVE  MACHINE  FRICTION. 

Introduction. 

Definition  of  Subject. 
Locomotive  Machine  Friction  is  the  power  absorbed  in 
overcoming  the  frictional  resistance  of  the  moving  parts  of  a  loco- 
motive between  the  cylinders  and  drawbar,  together  with  the  rollin;; 
resistance  of  the  drivers.     Restated  as  a  formula,  which  is  applicaf 
ble  to  laboratory  tests  only,  it  may  be  defined  as  indicated  horse- 
power minus  drawbar  horse  power, 

A  knowledge  of  the  laws  governing  locomotive  machine 
friction  and  the  amount  of  power  absorbed  under  varying  conditions 
of  operation,  would  be  of  benefit  in  determining  what  might  be  ex- 
pected of  a  locomotive  as  regards  the  net  tractive  effort  available 

Previous  Investigations, 
Repeated  attempts  to  discover  the  exact  relation  cf 
machine  friction  to  some  of  the  more  readily  determined  factors  of 
locomotive  operation,  such  as  mean  effective  pressure,  speed  and 
cut-off  have  not  been  entirely  successful  and  at  present  there  are 
at  least  four  distinctly  different  methods  of  making  locomotive 
machine  friction  determinations. 

Dr.  W.  F.  M.  Goss,  from  data  obtained  at  Purdue  Uni- 
versity, decided  to  express  locomotive  machine  friction  by  the  for- 
mula 3 

3,8         pL      where,    d  *    cylinder  diameter  in  inches 

L  ■    length  of  stroke  in  feet 
D  *    diameter  of  drivers  in  inches. 
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A  further  discussion  of  this  method  will  be  found  elsewhere  in 
this  analysis, 

Mr,  Henderson,  in  "Locomotive  Operation",  concludes  that 
machine  friction  may  be  fairly  well  represented  by  the  following 


analysis: 

Driving  box  journals,  3.5$ 

Main  pin  bearings,  1.7$ 

Side  rod  bearings,  1.7$ 

Crosshead,  4$ 

Piston  and  rod,  1.0$ 

Valves,  6$ 

Link  motion,   «6$> 

TOTAL  8.5$ 


In  this  analysis  Mr.  Henderson  has  based  all  of  his 
percentages  on  the  total  indicated  horse-power.    From  this  he 
arrives  at  the  formula,  machine  friction  is  equal  to  .15  V  *  C, 
in  percentage  of  indicated  horse-power,  where  V  equals  speed  in 
miles  per  hour  and    C    is  a  constant  whose  value  may  vary  from  3 
to  6  depending  upon  speed  and  class  of  work.    The  larger  values 
being  the  better  for  slow,  heavy  freight  service. 

Later  investigators  among  whom  are,  Mr.  F.  J.  Cole, 
Consulting  Engineer  for  the  Amerioan  Locomotive  Company,  have 
adopted  a  somewhat  different  method  of  attack.    In  his  investiga- 
tion, llr.  Cole  expresses  all  results  in  pounds  of  tractive  effort 
per  ton  of  weight  on  locomotive  drivers.    After  having  collected 
data  from  the  Purdue  plant,  the  Pennsylvania  plant  at  St,  Louis 
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and  elsewhere,  he  selects  23,2  pounds  tractive  effort  per  ton 
weight  on  drivers  as  being  a  representative  figure  for  any  loco- 
motive under  any  condition.     It  i6  apparent  that  such  a  generaliza- 
tion would  not  be  satisfactory  where  definite  results  for  known 
conditions  were  desired. 

The  American  Railway  Engineering  Association  has  developed 
a  formula  which  gives  the  total  machine  friction  in  pounds  of 
tractive  effort.     The  formula  is,  total  machine  friction  expressed 
as  pounds  tractive  effort  equals    18.7  T    -f    80  A ,  where  T  equals 
tons-weight  on  drivers  and    A    equals  number  of  driving  axles. 
This  formula  takes  into  account  both  weight  variation  and  type. 
For  this  reason  the  formula  is  more  general  than  the  one  devised 
by  Mr,  Cole. 

Comparison  of  the  four  methods  of  expressing  locomotive 
machine  friction  which  have  just  been  given  together  with  fuller 
discussion  of  the  several  methods.,  will  be  presented  later. 

It  is  evident  that  the  existing  generalizations  leave 
much  to  be  desired  in  the  way  of  uniformity.    The  reasons  for  this 
laok  of  uniformity  are  largely  due  to  the  fact  that,  until  recent- 
ly,    the  data  available  for  making  such  a  study  has  been  very 
meager.    Again  the  greater  part  of  the  data  available  for  this  use 
wa3  obtained  primarily  for  other  purposes  such  as,  a  study  of 
firing  rate,  boiler  conditions,  coal  consumption  and  many  other 
things  which,  perhaps,  did  not  permit  of  the  most  suitable  condi- 
tions for  obtaining  machine  friction  data. 
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General  Purpose. 
The  general  purpose  of  this  investigation  is  to  establish 
more  exact  methods  of  expressing  locomotive  machine  friction  and 
its  relation  to  other  factors  of  locomotive  operation. 

Components  of  Locomotive  Machine  Friction. 

A  possible  solution  of  this  problem  may  be  made  by  sub- 
dividing the  subject  as  a  whole  into  its  several  components  some- 
what as  was  attempted  by  Mr.  Henderson.     Such  a  division  might  be 
expressed  as  follows: 
(a 


(b 
(c 

Cd 

(e 
it 


( 


(h 


Resistance  due  to  pi3ton. 
Valve  friction. 
Stuffing-box  resistance. 
Valve  motion  friction. 
Crosshead  friction. 
Pin-bearing  friction. 
Journal  bearing  friction. 
Rolling  resistance  of  drivers. 
There  appears  to  be  no  good  reason  why  such  an  analysis 
might  not  be  made  and  in  fact  the  values  obtained  by  Mr.  Henderson, 
if  subjected  to  a  more  complete  investigation,  would  undoubtedly 
yield  good  results.    However,  there  are  at  all  times  present  in 
euch  an  analysis,  a  large  number  of  variable  quantities  and  the 
possibilities  of  a  practical  solution  by  this  method  are  not  as 
satisfactory  as  might  be  expected. 
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Weather  variations,  lubrication,  track  conditions  and  loco- 
motive maintainance  influence  e^ch  of  these  Items  and  could  easily 
lead  tc  erroneous  conclusions.     It  would  thus  3eem  that  for  the 
present  the  most  satisfactory  solution  would  be  one  in  which  the 
machine  friction  as  a  whole  wa3  used  and  its  relation  to  other 
factors  of  locomotive  performance  shown  through  a  study  of  experi- 
mental data. 

Prospect  for  a  Satisfactory  Determination, 

As  was  stated  in  the  foregoing  paragraph,  the  possibility 
of  establishing  an  exact  value  for  each  of  the  elements  composing 
locomotive  machine  friction  appears  questionable.     It  would  seem 
advisable,  however,  to  attempt  at  present  to  evaluate  machine 
friction  as  a  whole  and  if  possible  to  determine  its  relation  to 
some  of  the  more  common  variables,  such  as  speed,  mean  effective 
pressure  or  cut-off*    From  this  point  of  view  the  variables  depend- 
ing upon  the  component  parts  of  machine  friction  will  disappear 
from  the  analysis, but    due  to  the  existence  of  such  variables  and 
to  others  such  as  track  conditions,  weather  and  lubrication,  any 
expression  for  machine  friction  decided  upon  must  necessarily  be 
expressed  as  variable, 

A  consideration  of  the  elements  of  locomotive  machine 
friction  ha3  led  to  the  conclusion  that  a  proper  solution for  the 
values      of  machine  friction  in  locomotive  operation, for  a  given 
locomotive  or  type  of  locomotive, will  involve  the  measurement  of 
the  amo-jmt  of  ?°wer  of  that  locomotive  or  type  of  locomotive  thus 
absorbed  over  the  entire  range  of  operation.     Such  a  measurement 
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will,  perhaps,  give  some  insight  as  to  the  true  relation  of  machine 
friotion  to  such  variable  factors  as  speed,  cut-off  or  mean  effec- 
tive pressure. 
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The  Data» 

Laboratory  tests  and  road  tests  offer  the  only  two  means 
for  evaluating  machine  friction.    Either  may  be  used  successfully 
but  it  frequently  occurs  that  in  road  tests  it  is  not  possible  to 
obtain  all  of  the  data  desirable  or  to  obtain  data  of  sufficient 
accuracy,  and  as  a  result  laboratory  methods    and  results  from 
laboratory  tests  have  been  largely  used.    In  laboratory  work  fac- 
tors such  as  speed,  cut-off  and  mean  effective  pressure,  may  be 
kept  practically  constant  for  any  desired  period  of  time.  Variables 
a3  to  wind,  weather  and  track  conditions  present  in  road  tests  are 
eliminated  in  laboratory  tests.     In  this  discussion,  conclusions 
will  be  based  on  test  plant  results. 

General  Discussion, 
In  considering  the  relation  of  machine  friction  to  some 
of  the  common  variables  of  locomotive  operation  such  as  speed, 
cut-off  and  indicated  horse-power,  it  is  desirable  to  indicate 
some  of  the  underlying  principles  which  make  this  method  of  attack 
desirable. 

The  advantage  of  securing  a  relation  between  two  quanti- 
ties, one  of  which  is  easily  determined  and  may  be  varied  at  will 
is  important  and  such  a  method  if  reasonably  accurate,  would  give 
a  satisfactory  way  of  predicting  the  value  of  machine  friction  for 
any  dBsired  condition. 

The  several  components  of  locomotive  machine  friction 
might  be  expected  to  follow  the  general  laws  governing  either 


-8- 


rolling  cr  sliding  fricticn  as  the  case  may  be. 

The  laws  of  sliding  fricticn  have,  themselves,  been  the 
subject  of  much  discussion  at  various  times  and,  as  a  result  of 
this,  there  appears  to  be  some  difference  of  opinion  as  to  what 
actually  happens.     In  the  case  of  rolling  friction  the  amount  of 
poorer  thus  expended  is  largely  dependent  upon  the  kind  of  surfaces 
in  contact  and  the  general  laws  governing  such  friction  are  not 
clearly  established. 

There  exist    certain  reasons  of  fundamental  importance 
why  machine  friction  may  be  expected  to  vary  with  speed,  cut-off 
or  indicated  horse-power.     Its  variation  with  speed  is,  to  some 
extent,  due  to  the  physical  characteristics  of  the  surfaces  in  con- 
tact.    The  surfaces  of  metal  parts  are  not  perfectly  smooth  but 
consist  of  numerous  irregularities  of  minute  size,  and  when  one 
surface  slides  over  another  there  is  always  present  a  tendency  for 
these  irregularities  to  fit  into  one  another  and  thus  increase  the 
surface  in  contact.    At  low  speed  this  tendency  is  the  most  marked. 
With  increasing  speeds  this  effect  decreases.    This  explanation 
partly  accounts  for  the  decrease  in  machine  friction  as  the  period 
of  service  of  the  locomotive  is  increased.     It  would  appear  from 
this  explanation  that  we  should  expect,  other  conditions  being 
equal,  the  amount  of  power  consumed  in  machine  friction  to  decrease 
with  increasing  speed. 

This  conclusion  is  somewhat  general,  but  investigations 
along  this  line  support  it  in  the  majority  of  cases  and  the  fact 
that  there  are  some  variations  does  not  necessarily  invalidate  the 
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conclusion  but  may  indicate  that  other  factors  were  present  which 
overcame  this  tendency. 

The  relation  of  locomotive  machine  friction  to  cut-off 
has  not  proven  a  satisfactory  method  of  solution  but  the  influence 
of  changes  in  cut-off  on  locomotive  machine  friction  as  a  whole 
can  not  be  entirely  disregarded.    To  variations  of  cut-off  may  be 
charged  variations  in  that  part  of  machine  friction  which  is  ab- 
sorbed by  the  movement  of  the  valves,  the  loss  of  power  in  the 
Stuffing  boxes  and  at  the  piston. 

It  is  exceedingly  difficult  to  determine  variations  in 
the  amount  of  power  chargeable  to  changes  of  cut-off  because  cut- 
off and  speed  are  quite  closely  related  and  it  rarely  occurs  that 
a  change  in  one  is  made  without  a    change  in  the  other.    This  con- 
dition introduces  additional  complications,  the  exact  nature  of 
which  is  not  at  present  known. 

Attempts  to  3olve  the  problem  by  determining  the  rela- 
tion of  machine  friction  to  load  or  indicated  horee-power  have 
not  fulfilled  the  expectations  of  previous  investigator s  and, because 
of  this  the  consideration  of  such  a  method,  will  in  this  analysis, 
be  meager.  Reasons  why  such  a  method  of  attack  fails  are  not 
easily  established.    Perhaps  the  most  important  reason  for  the 
existing  discordance  in  machine  friction  values  determined  by  this 
method,  is  due  to  the  number  of  variables  affected  by  a  change  in 
the  indicated  horse-power  values.    Speed  and  cut-off  are  generally 
both  involved    and,  as  has  been  previously  shown,  no  definite 
relation  concerning  the  effect  of  changes  of  either  of  these  items 
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upon  machine  friction,  is  known. 

A  satisfactory  solution  by  the  use  of  the  relation  of 
machine  friction  to  indicated  horse-power  would  be  of  distinct 
advantage  because  it  would  give  at  once  the  relation  of  the  net 
;cver  available  to  the  power  in  the  cylinder. 

As  between  the  relations,  machine  friction  to  speed, 
machine  friction  to  cut-off  and  machine  friction  to  indicated 
horses-power  ,  it  has  seemed  best  for  the  purposes  of  this  investi- 
gation to  make  U3e  of  the  relation  between  machine  friction  and 
speed. 

Machine  friction  has  been  commonly  expressed  as  horse- 
power, in  per-cent  of  indicated  horse-power,  in  terms  of  mean 
effective  pressure,  in  terms  of  drawbar  pull  and  as  pounds  of 
tractive  effort  per  ton  weight  on  drivers. 

In  the  discussion  of  the  data  presented,  machine 
friction  has  been  expressed  as  pounds  of  tractive  effort  per  ton 
weight  on  drivers. 
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Experimental  Data. 

In  Appendix  I  tables  3  to  16  inclusive  present  the  data 
from  which  all  calculations  and  results  for  the  complete  list  of 
locomotives  were  obtained. 

Figures  1  to  6  inclusive  present  values  of  machine 
friction  exprsssed  as  pounds  of  tractive  effort  in  its  relation 
to  speed  in  miles  per  hour.    The  values  plotted  in  these  figures 
are  all  of  those  relating  to  Consolidation  type  locomotives,  which 
have  been  collected  for  this  investigation,  and  represent  the 
results  of  six  different  locomotives  operating  under  speed,  cut-off 
and  load  conditions  which  varied  roughly  throughout  the  entire 
range  of  ordinary  operation  for  this  type  of  locomotives. 

Figure  7  represents  values  of  machine  friction  for  an 
American  type  locomotive.     The  data  presented  is  that  obtained  by 
Dr.  W.  F.  M.  Goes  from  experiments  performed  on  Schenectady  No,  1. 
The  major  portion  of  the  data  presented  is  the  result  of  a  special 
effort  to  establish  the  range  and  relation  of  machine  friction, 
whereas  in  the  other  data  a  greater  portion  has  been  obtained  from 
te3t  results  in  which  the  determination  of  other  factors  of  loco- 
motive performance  was  the  prime  object.     It  is,  perhaps,  correct 
to  say  that    for  American  type  locomotives  of  similar  size  the 
results  obtained  are  quite  accurate.    Locomotives  of  this  size  and 
class  are,  however,  rapidly  disappearing  and  it  becomes  desirable 
to  determine  what  may  be  expected  of  more  modern  equipment. 

Figures  8  to  11  inclusive  present  values  of  a  similar 
nature  but  are  for  Atlantic  type  locomotives.     Approximately  the 
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same  conditions  with  regard  to  speed,  cut-off  and  load  are  shown 
here  as  in  the  case  of  the  Consolidation  type  locomotive. 

Figures  13,  13  and  14  show  the  3ame  set  of  relations  for 
Pacific  type  locomotives. 

Figures  15  to  17  inclusive  present  the  relation  of 
machine  friction  to  speed,  cut-off  and  load  for  the  six  Consolids.- 
tion  type  locomotives.    Each  figure  shows  the  six  curves  for  one 
specific  relation. 

Figure  15  indicates  conclusively  that  machine  friction 
for  the  Consolidation  type  locomotive  is  an  extremely  variable 
quantity.    The  majority  of  the  curves  indicate  a  decrease  of 
machine  friction  with  increasing  speed.     In  two  of  the  six  cases 
shown,  there  appears  a  certain  speed  beyond  which  machine  friction 
increases  with  speed. 

The  variations  of  machine  friction  with  cut-off  and  with 
lead  as  shown  by  figures  16  and  17  are  more  pronounced  and  do  not 
warrant  even  a  general  statement  of  the  relations. 

The  relations  of  machine  friction  to  speed  for  the 
•pacific,  Atlantic  and  American  type  locomotives,  presented  by 
figures  7  to  14  inclusive,  is  of  the  same  general  nature  as  that 
3hown  by  the  Consolidation  type.    The  fact  that  more  of  the  curves 
3how  an  increase  of  machine  friction  with  speed,  in  this  group 
than  in  the  former,  may  be  due  to  the  higher  speeds  used  in  tests. 

Table  1  presents  the  average  results  of  machine  fric- 
tion expressed  as  tractive  effort  in  pounds  per  ton  weight  on 
drivers  for  each  locomotive  at  the  various  speeds  used  when  being 
te3ted. 
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TABLE  NO.  1. 
Average  Results. 


Miles 

per 

hour 


7 
14 

30 
36 


7.5 
15. 

30. 


7.  5 
15*.  00 
30.00 


Machine  Friction  Expressed 
as  tractive  effort  in 
pounds  per  ton  weight  on 
drivers. 


Maximum    Minimum  Average 
Locomotive  No.  1 


52.3 
53.9 
40.5 
44.75 


47. 
34.1 
40.5 
37.60 


49.6 
43.7 
40.5 
35.7 


Locomotive  No.  3 


40.75 
39.00 
34.15 


21.40 
20,50 
39.80 


19,85 
15.55 
3.33 


14.00 
17.95 
21,58 


30.10 
33.09 
14.50 


18.00 
19.00 
37,63 


Locomotive  No.  4 


7. 

50.00 

30. 

43.3 

10. 

53 . 10 

36.95 

41.13 

15 

50.30 

33,00 

42.80 

17.5 

45.10 

36.80 

36.97 

30. 

39.90 

39.30 

33.18 

35. 

36,80 

31.60 

34,15 

30. 

39.60 

35.10 

38.04 

Locomotive  No. 

5, 

10. 

38.40 

33.6 

36.00 

15. 

38.45 

34.4 

36.10 

30. 

28.60 

38.60 

32.31 

10 

38.40 

33.35 

36.00 

15 

35.35 

18,39 

30.93 

20 

32.40 

13.90 

33.00 

35 

18.05 

17.38 

17.64 

30 

29.40 

13.78 

31.74 

gi 

mi 

Miles  Machine  Friction  Expressed 
per       as  tractive  effort  in 
hour      pounds  per  ton  weight  on 
drivers. 


Maximum 

Minimum 

Average 

Locomotive  No.  7 

15 

33.10 

5.07 

16.57 

25 

31.60 

14.30 

18.40 

35 

30,80 

13.65 

16.26 

45 

17.80 

14.50 

16.15 

55 

31.80 

18.00 

19,90 

Loc 

emotive  No.  8 

30 

34.30 

30.75 

32.30 

30 

30.90 

37.35 

39.40 

40 

33.30 

36.78 

39.02 

45 

34.70 

33.78 

33.74 

Locomotive 

No.  9 

30 

52.00. 

37,80 

45.80 

35 

37,40 

30.80 

32,94 

V  W  •  WW 

36,35 

32 , 30 

55 

40.40 

34.25 

36.16 

65 

51.60 

40.75 

44.50 

75 

55.40 

43.40 

50.50 

85 

46.20 

35.30 

40.75 

Locomotive 

No.  10 

30 

66,75 

21,33 

37.72 

35 

36.80 

34.70 

29,09 

55 

53.00 

33.00 

43.48 

Locomotive  No.  11 

30 

65.30 

39.40 

53,30 

35 

38.50 

13.30 

31,80 

55 

21,70 

19.40 

30,40 

65 

23,30 

18.75 

30.97 
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TAELE  NO.  1  (OONT»D) 
Average  Results. 


Miles  Machine  Friction  Expressed 
per  as  tractive  effort  in 

hour  pounds  per  ton  v.- eight  on 

drivers. 


Maximum     Minimum  Average 
Loc emotive  No.  12 


30 

31.65 

23.65 

28,18 

35 

33.25 

20.35 

27.70 

45 

23.40 

17.15 

21,34 

55 

44.40 

24.65 

33,94 

65 

29.30 

16.50 

23,74 

75 

36.20 

26.65 

26.88 

Locomotive  No. 

13 

25 

24,80 

22.40 

23.32 

3C 

17.90 

12.15 

15,00 

35 

23,00 

12.CC 

17,83 

40 

33.85 

14.20 

21,68 

55 

43.35 

29.05 

35.30 

65 

28.60 

25,60 

27,44 

75 

33.35 

32.50 

32,94 

85 

40.00 

33.10 

39.55 

Locomotive  No. 

14 

30 

33,90 

27.10 

30,82 

40 

38.20 

24.20 

32.80 

50 

42 . 50 

19.50 

39.85 

50 

52.00 

27.18 

33.07 

65 

41,75 

30.40 

37.11 

75 

45.80 

37.30 

41.22 

85 

40.65 

32,60 

37.55 

-33- 

A  general  conclusion  based  upon  all  of  the  data  presentee 
for  all  types  of  locomotives,  might  be  that  locomotive  machine 
friction  expressed  as  pounds  of  tractive  effort  per  ton  weight  on 
drivers  decreases  as  the  speed  increases.     Figure  1  presenting  the 
relation  under  consideration  for  the  Consolidation  type  locomotive 
may  be  considered  as  typical  in  this  respect. 

Test  conditions  may  have  influenced  the  results  of  the 
two  Consolidation  type  locomotives  which  disagree  with  this  con- 
clusion.    The  Michigan  Central  No.  585  was  reported  as  having 
shown  severe  logitudional    vibration  at  30  miles  per  hour  and  this 
undoubtedly  resulted  in  more  rolling  resistance  of  the  drivers 
than  would  ordinarily  occur. 
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Conclusions. 

Fcr  practical  purposes  the  expression  of  locomotive 
machine  friction,  as  pounds  of  tractive  effort  per  ton  weight  on 
drivers,  in  its  relation  to  speed  is  the  best  method  of  exhibiting 
machine  friction  and  its  variations. 

Locomotive  machine  friction,  expressed  In  this  way,  in 

general , 

1.  Decreases  with  increasing  speed. 

3.  Varies  in  rate  of  decrease  for  different  types  of 
locomotives  and  so  far  as  is  shown  by  the  data  at  hand,  is  apt  to 
vary  with  different  locomotives  of  the  same  type. 

3.  Is  subject  to  wide  variations  which  appear  to  be 
due  largely  to  change  in  operating  conditions,  -  changes  which  are 

!i 

II  difficult  to  detect  or  evaluate. 

Locomotive  machine  friction  expressed  as  tractive 
effort  in  pounds  per  ton  weight  on  drivers  may  in  ordinary  practice, 
vary  from  15  to  50  pounds. 

Table  1  presents  the  averages  from  the  14  locomotives 
under  consideration.    An  arithmetical  average  value  of  all  the 
determinations  listed,  all  speeds  being  included,  is  30.5  pounds  of 
tractive  effort  per  ton  weight  on  drivers. 

The  value,  30.5  pounds  of  tractive  effort  may  be  con- 
sidered a  fair  average  value.      This  is  a  somewhat  higher  average 
value  for  locomotive  machine  friction  than  previous  investigations 
have  indicated. 


APPENDIX  I 


Experimental  Data 
and 

Calculated  Results. 
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APPENDIX  I. 
Experimental  Data  and.  Calculated  Results. 

The  following  tables,  2  to  16  inclusive,  present  the 
experimental  data  that  have  been  selected  from  various  sources 
and  the  principal  results  calculated  for  this  investigation. 

Table  16  shows  the  principal  dimensions  and  character- 
istics of  the  engines  for  which  data  have  been  selected. 

The  locomotives  tested  at  St.  Louis  in  1904  are  numbers 
1,  2,  3,  10  and  11,    Locomotives  numbers  4,  5,  8,  9,  12,  13  and 
14  were  tested  at  Altoona,  Pa. ,  since  1904,  on  the  test  plant  of 
the  Pennsylvania  Railroad.    Number  6  was  tested  by  the  University 
of  Illinois  in  1914.    Number  7  is  the  locomotive  known  as 
Schenectady  Number  1.    It  was  tested  at  Purdue  University  under 
the  direction  of  Dr,  W.  F.  M,  Goss,  about  1897, 
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TA5LE  3. 
EXPERIMENTAL  DATA. 
Consolidation  No.  734.  Lake  Shore  &  Michigan  Southern  Railroad 

Tested  at  St.  Louis,  Mo. 


Test 

Horse 

-Power 

Cut-off 

Miles 

Machine 

Fr  i  c  t  i  on  Ejcp_r  c_s_e ed_  as 

\Tum- 
3er 

Fric- 
tion 

Indi- 
cated 

in  per 
cent  of 
stroke 

per 
hour 

M.  e.  p. 

pounds 



Drawbar 
Pull. 

pounds.  __ 

Pounds  per 
ton  weight 
on  drivers. 



301 

66,87 

 —  

299,4 

19.15 



7.56 

16.03 

3316 

40.75 

303 

33,69 

434.4 

30.73 

7,59 

7.81 

1616 

19.85 

303 

58.64 

550.4 

41.27 

7.53 

14.14 

3924 

36.00 

304 

83,63 

901.1 

43.90 

14,99 

10.11 

3091 

35.70 

305 

63.78 

537,0 

17.33 

15,09 

7,67 

1586 

19.50 

306 

50.50 

783,6 

30.66 

15.01 

6.11 

1264 

15.55 

308 

67,90 

963,5 

40.69 

14.99 

8,31 

1448 

17.80 

309 

80,36 

865.5 

31.07 

39.87 

4.87 

1008 

13.30 

310 

iuc .co 

953.7 

23.33 

39.98 

6.32 

1388 

15.85 

211 

134,13 

994,8 

39.00 

30.00 

8.11 

1677 

30.60 

313 

157.10 

1053.9 

37.37 

30.04 

9.48 

1961 

aim  W  \J  X 

24.15 

*  313 

85.33 

886.8 

39.76 

30.07 

5.14 

1063 

13.10 

314 

54,18 

306,0 

19.4 

7,42 

13.34 

r>  r*9  *9  o 

3739 

33. 70 

315 

94.43 

589.0 

19.7 

15,02 

11.40 

3358 

39.00 

316 

80.83 

955.1 

42.60 

14.90 

9.83 

3034 

35.00 

*  317 

40.11 

799.5 

38.50 

29,85 

3.44 

504 

6.30 

*  318 

21.71 

865.3 

39.00 

30.01 

1.31 

271 

3.32 

*  S19 

85.99 

923,4 

30.95 

29.77 

5.34 

1083 

13.30 

*  320 

134.64 

942.4 

34.59 

30.00 

8.14 

1683 

30.70 

►  331 
*  333 

140.86  1098.3 
98.38  1C97.6 
*  Throttla  r> 

35.70 

37.50 

axtlv. GlQ 

22.38 
33.38 
sad. 

11.46 

7.96 

3359 
1647 

39.10 
30.35 
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TABLE  NO.  3 
EXPERIMENTAL  DATA. 
Consolidation  (Compound)  No.  585.  Michigan  Central  Railroad. 

Tested  at  St.  Louis,  Mo. 


Test  Horse-Power  Cut-off  Miles  Machine  Friotion  Expressed  as 
Num-  Fric-  Indi-  in  per  per  M.  e.  p.  Drawbar  Pounds  per 
ber  tion  cated  cent  of  hour  pounds  Pull.  ton  weight 
  stroke  pounds   _  on  dr i .vers. 

301    30.98  442.5      43.1          7.49  1551  14,00 

303    35.32  477.4      45.3          7.49  1764  31.40 

303    30.43  512.0      48.6          7,49  1533  18.50 

305  67.33  840,6      45.7  14.96  1686  20.50 

306  59.21  734,9      43,3  15.01  1478  17.95 

308  50.80  933.2      53.8  14.98  1533  18.50 

309  60.71  1040.7      57.7  14.98  1530  18,49 

311  97,38  998,2      50,6  22.09  1653  20,10 

312  160,03  890.1      49.6  29,97  2003  24,30 

313  163,03  991.5  50.7  29.97  2103  25.59 
315  141.55  1001,3      84,3  29.96  1773  21.53 

317  183,35  910.4      51,3  29.96  2296  27.65 

318  173.36  937.3      60,3  39,97  3306  36.80 
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TABLE  NO. 

4_ 

EXPERIMENT  AL 

DATA. 

Consolidation  No,  387. 

Pennsylvania 

Railroad. 

Tested 

at  Altoona,  Pa. 

Test 

Horse-Power 

Cut-off 

Miles 

Machine 



Friction 

Expressed  ae 

Num- 
ber 

Fric- 
tion 

Indi- 
cated 



in  per 

cent 

stroke 

per 
hour 

M.  e.  p. 

pounds 

Drawbar 
Pull. 

pounds 

Pounds  per 
ton  weight 
on  drivers. 

3207 

97.8 

412.9 

30. 7 

7,32 



17.89 

5081 

46.3 

3310 

105.3 

577,3 

31.9 

7.19 

19.36 

5495 

50.0 

3343 

99,1 

977.9 

74.8 

7.19 

18.13 

5171 

,  47.1 

3347 

63.3 

1019.0 

ftft  P> 

7.19 

11.58 

30.0 

3305 

130,9 

599.3 

la  .  iy 

10,83 

15.96 

A^IA 

41.3 

3206 

137.5 

579,5 

acj  .  U 

10.83 

15.56 

AA1  Q 

40.3 

3209 

164.6 

842.5 

11  A 

10.78 

30.07 

O  (  aO 

53.1 

3237 

139.4 

899.4 

1 "X 
OS  .  o 

10.78 

17.00 

Aft  AQ 

44.0 

3342 

134.1 

1336.6 

P.Q  1 
OS?  .  o 

10.78 

16.35 

42.5 

3345 

133.1 

1364,3 

7  A  ft 

10.78 

16.11 

41.8 

3344 

85.1 

1358,1 

86.3 

10.78 

10.38 

3960 

26,95 

3301 

193.6 

733.5 

23.8 

14,44 

17.61 

5003 

45,4 

3303 

176.4 

1050,1 

34.6 

14.44 

16.13 

4583 

41.7 

3303 

301.9 

1263.9 

42,1 

14,44 

18.46 

5345 

47.6 

3304 

173.5 

1252.4 

42.8 

14.44 

15.78 

4481 

40.75 

3238 

171.7 

1469.0 

51,8 

14.38 

15.70 

4480 

40,75 

3339 

146,5 

1560.7 

57.6 

14.38 

13.40 

3633 

33,00 

3341 

313,0 

1649.4 

63,4 

14.38 

19.39 

5531 

50,30 

3208 

333.5 

1131.9 

31.3 

18.05 

17.08 

4853 

44.30 
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TABLE "HO. 

.4  (CONT'D) . 

Test 
Num- 
ber 

Horse 
Fric- 
t  ion 

-Power 
Indi- 

Cut-off 
in  per 

stroke 

Miles 

per 

hour 

Machine 

Tiff 

M.  e.  p. 

pounds 

Friction 
Drawbar 

Pill  T 

.  pounds 

Expressed  as 
Pounds  per 

on  drivers  i 

3211 

242,0 

1138.5 

30.9 

i  ( .9  r 

T  ri     ri  «| 

1  r  •  (  1 

5051 

46,00 

3212 

188,6 

1139.0 

30.5 

1  (  .9  I 

t  rt  oO 
13.  8U 

3937 

35.30 

3213 

237.5 

1478.4 

42.6 

i  r)    a  ri 

17,97 

■1  r»  TO 

17. 38 

4957 

45,10 

3314 

183.6 

1432.9 

41.6 

17.97 

IT  /IT 

13. 43 

3832 

34,80 

3215 

182.3 

1547.5 

45.4 

T  ri     Q  rt 

17.97 

13. 33 

3803 

34.60 

3236 

140.4 

1657.0 

50.1 

17,  a7 

10,37 

2931 

26.65 

3337 

141.8 

1729.6 

52.6 

T  r»    q  ri 

17,97 

10 . 37 

2949 

36.80 

3333 

186,7 

957.5 

23.7 

OT  Crt 

<ol ,  DO 

11  7(1 

11 ,  do 

3247 

39.6 

3331 

252.1 

1394.3 

33.9 

0  T  KC 

01  •  DO 

ID,  o  r 

4385 

39.9 

3330 

2C9.1 

1632.2 

41.7 

OT  Cfl 

41  •  Do 

1©  ,  f  D 

3621 

33.95 

3316 

190.1 

1677.5 

50.5 

O  T  CC 
oil  DO 

T  T  CO 

11  *  D9 

3307 

30.10 

3317 

213.4 

1783.1 

50.3 

31  .  DO 

1  T  OT 

13,01 

3712 

33.78 

3325 

271.5 

1341.6 

29.5 

35. 15 

T  /I  TO 

14, 19 

4048 

38.80 

3318 

232.6 

1588.8 

37.5 

35. 15 

TO     T  C 

13  ,  lb 

3468 

31.60 

3330 

250.9 

1786.3 

41,5 

4b.  lo 

T  1     T  T 
13,11 

3741 

34,05 

II  3329 

330.3 

1610.4 

34.1 

28.75 

15,10 

4289 

39,00 

3223 

312.6 

1738.1 

37.9 

28,75 

14.39 

4078 

37.10 

!  3235 

395.9 

1829.9 

42.3 

28,75 

13.53 

3860 

35.10 

3223 

353.2 

1147.6 

23.4 

30.50 

15.15 

4324 

39.40 

3224 

354.4 

1813.4 

38.6 

30.50 

15.25 

4351 

39.60 
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TABLE  NO.  5. 
EXPERIMENTAL  DATA. 
Consolidation  No.  1134.  Pennsylvania  Railroad. 

Tested  at  Altoona,  Pa, 


Test 

Horsi 

j-Power 

Cut-off 

Miles 

Machine 

Friction  Expressed  asj 

Num- 
ber 



Fric- 
tion 



Indi- 
cated 

in  per 
cent  cf 
stroke 

per 
hour 

M.  e.  p. 

pounds 

Drawbar 
Pull. 

•noujids 

Pounds  peri 
ton  freight 
on  drivers 

3770 

118.9 



531.65 

19.35 



11.00 



4054 

38.4 

3775 

103.9 

535.66 

30.50 

11.00 

3545 

33.6 

3771 

156.1 

846.36 

37.40 

14.66 

3992 

37.8 

2776 

141.7 

856.61 

39.30 

14.66 

3624 

34.4 

3773 

139.4 

1018.49 

35.80 

14.66 

3565 

33.8 

2777 

158.7 

1033.38 

35.00 

14.66 

4059 

38.45 

2773 

183.8 

1334.11 

45.30 

18.33 

3760 

35.65 

3778 

185.4 

1388.73 

44.20 

18.33 

3793 

36.00 

3774 

177.3 

1364.64 

40.30 

32.00 

3023 

38.60 

3779 

177.6 

1433.31 

38.80 

33.00 

30,28 

38.61 

Not  given 
in  report 


-41- 


TABLE  NO.  6. 

EXPERIMENTAL  DATA. 

Consolidation  No.  958.  Illinois  Central  Railroad. 

Tested  at  University  of  Illinois. 
(Series  I) 

Test  Horse-Power  Cut-off  Miles  Machine  Friction  Expressed  as 
Num-  Fric-  Indi-  in  per  per  H.  e.  p.  Drawbar  Pounds' per 
ber,  tion  cated  cent  of  hour  pounds  Pull.  ton  weight 
 stroke  poond.3  on  drivers, 


3009 

345.5 

17.1 

25.3 

3010 

373.9 

19.3 

35.7 

3012 

117.9 

803.8 

33.3 

25.3 

7.35 

1746 

17.38 

2013 

133.6 

986.3 

30.8 

25.4 

7.63 

1813 

18,05 

2014 

335.9 

1079.0 

31.4 

36,3 

9.86 

2337 

33.30 

2015 

319,4 

845.6 

33.7 

36,3 

9.56 

2267 

33.60 

2016 

165.6 

533.8 

16.4 

36.3 

7.33 

1711 

17.03 

3017 

71.0 

438.1 

16.9 

14.5 

7.72 

1837 

18.29 

201ft 
a  vio 

ft?!  1 
Out  1 

•SQ^  ft 

?ft  ft 

X  t  ,  J 

ft 

21  10 

2019 

83.6 

765.7 

30.6 

14.6 

8.92 

3118 

21,05 

3030 

75.5 

584.4 

32.4 

14.6 

8.16 

1938 

19.28 

3021 

82.3 

428.6 

14.9 

14,5 

8.93 

3123 

21.18 

2032 

99.3 

773.9 

30.3 

14.6 

10.71 

3545 

25.35 

2033 

118.2 

1188,7 

39.4 

35.3 

7.40 

1757 

17.48 

2034 

75.4 

431.0 

9.3 

12.94 

3073 

30.59 

2035 

99.9 

515.0 

19.1 

19.9 

7.95 

1887 

18.78 

2027 

115.5 

749.1 

24.3 

30.0 

9.14 

2169 

21.60 

2038 

50.6 

548.7 

31.7 

9.1 

10.47 

3489 

24.80 

2029 

147.8 

968.5 

30.7 

19.9 

11.71 

3781 

27.70 

TABLE  NO. 

6  (CONT'D) 

( Intermediate 

Tests ) 

Test 
Num- 

Horse- 
Frio- 

-Power 
Indi- 
cated 

Cut-off 
in  per 
cent  of 
stroke 

Miles"" 

Jt-1  C  X 

hour 

Machine  Friction  •.\_r.1 i  -i  aj 
M.  e.  p.    Drawbar    Pounds  pe} 
pounds       Pull,        ton  weight 
pounds      on  drivers 

2030 

173.8 

899,6 

33.4 

30.8 

8.93 

3118 

31.09 

3031 

84.3 

953.9 

39.5 

15. 6 

8.56 

3033 

30,18 

3033 

171,8 

1094,6 

30.3 

30.  5 

8.90 

3113 

31.00 

3033 

134.4 

1143.3 

40.7 

20  O 

10.64 

3537 

35,18 

3034 

315.0 

1376,7 

41.4 

13.81 

3379 

33.60 

3035 

176.3 

1119,1 

39.9 

pn  ^ 

13.70 

3356 

33.40 

3037 

233,4 

1377.7 

40.1 

7 

11.94 

3836 

38.30 

3038 

60.0 

438.4 

Q  P. 

10.38 

3440 

33.35 

3039 

115.8 

940.0 

33,5 

PO  O 

9.17 

3175 

31.80 

3040 

117.4 

1351.0 

41.5 

7 

OU  ,  r 

6.05 

1437 

13.78 

3041 

103.7 

1110.4 

41.1 

pn  o 

8.11 

1933 

18.40 

3043 

73.9 

753.9 

34.8 

30.0 

6,37 

1483 

14.30 

3043 

101.1 

1359.6 

48.5 

19.9 

8.03 

1903 

18.30 

3044 

77.0 

1334.7 

57.5 

19.9 

6.10 

1449 

13.90 

3045 

83.5 

519.1 

19,3 

19.9 

6.53 

1551 

14.85 
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TABLE  NO. 

6  (CONT'D) 

EXPERIMENTAL  DATA. 

Concol idation 

No .  9  58 . 

Illinois 

Central 

Railroad. 

Tested  at  University 
(Series  II) 

of  Illinois 

• 

Test 
dum- 
ber 

Horse- 
Frio- 
tion 

-Power 
Indi- 
cated 



Cut-off 
in  per 
cent  of 
3troke 

Miles 

per 

hour 

Machine  Friction 
M.  e.  p.  Drawbar 
pound 3  Pull. 

pounds 

Expressed  an 
Pounds  pe:: 
ton  weigh'; 
on  driver;: 

3072 

126.0 

1333.8 

41.5 

19.9 

S.97 

3375 

23.60 

3073 

121,0 

1019.3 

39.6 

19.9 

9,59 

2284 

23.75 

3074 

157.0 

1264.3 

38,8 

30.8 

8,04 

1913 

19.05 

3075 

77.0 

578.6 

33.1 

9.3 

13,20 

3154 

31.40 

3076 

307.3 

1364.3 

33,2 

41.7 

7,81 

1861 

18.55 

3077 

125.5 

795.7 

24.0 

30.1 

9,83 

2343 

33.30 

3078 

177,4 

1011.3 

24.0 

30.7 

9,10 

2159 

31.60 

2079 

181.4 

1109.9 

23.4 

42.1 

6.78 

1615 

16.09 

3080 



558.5 

16.9 

20.0 

3081 



450,5 

24.1 

9.3 

3083 

242.7 

1457.3 

41.4 

30.8 

13.40 

3954. 

29.4 

3083 

146.8 

730.4 

18.4 

30.9 

7,46 

1780 

17.7 

3084 

150.3 

1347.5 

48.4 

30.0 

11.79 

3813 

38.0 

3085 

79.8 

694.3 

41.3 

9.3 

13,54 

3224 

32. 1 

3086 

70.  C 

456.0 

23.4 

9.3 

11.83 

2817 

28.0 

3087 

132.7 

560.3 

16.6 

3C.2 

9.57 

3380 

22,7 

3088 

134.8 

756,1 

15.9 

42.5 

4.64 

1101 

10,95 

3089 

238.3 

1559.9 

43.5 

41.9 

8.97 

3134 

21.25 

2092 

149.7 

1367,3 

30.4 

30.6 

7.71 

1834 

18 ,35 

2093 

201.9 

1633.5 

48.6 

30.4 

10.41 

3491 

24.80 

-44- 

TABLE  NO. 6  (CONT'D) 
 (Series  II J  


Test       Horse-Power    Cut-off    Hi lea  Machine  Friction  Expressed  as 


Num- 
ber 

Fric- 
tion 

Indi- 
cated 

in  per 
cent  of 
s  t  rake _ 

per 
hour 

M.  e.  p. 

pounds 

Drawbar 
Pull. 

pounds 

Pounds  per 
ton  weight 
on  drivers. 

3094 

167.3 

1521.4 

57.0 

30.1 

13.10 

3117 

31.00 

86.9 

ft  A    i  ft, 

804.9 

49.2 

9.3 

14,63 

3501 

34.85 

3C96 

90.8 

713.6 

40.4 

9.4 

15.38 

3641 

36.30 

3097 

85.4 

610.6 

32.3 

9.5 

14.30 

3385 

33.70. 

3093 

90. C 

49.1 

9.4 

15.06 

3593 

35.78 

2090 

128.3 

743.1 

22.8 

30.7 

10,03 

3394 

33.98 

2091 

154.4 

1140.0 

38.8 

30.7 

7.89 

1884 

18.05 

-45- 

TABLE  NO.  7. 
EXPERIMENTAL  DATA. 

Schenectady  No.  1. 

Tested  at  Purdue  University. 


Test 
Num- 
ber 

Horse-Power 
Fric-  Indi- 
tion  cated 

Cut-off 
in  per 
cent  of 
3troke 

Hiles 

per 

hour 

Machine 
M .  e  •  p  • 

pounds 

Friction 
Drawbar 
Pull 
p_ounds 

Expressed 
Pounds  p 
ton  weig' 
on  drive 

1 

?^  ft 

1  Qft  1 
X.  J  O  .  A 

14.35 

35 

5.66 

619 

33.1 

3 

2?.  R 

AO  3  .  i 

15.04 

35 

5.13 

561 

30.0 

3 

tw  •  D 

PftR  O 

35.16 

35 

5.53 

605 

31.6 

4 

AH  P 

00 O.  O 

35.70 

35 

5,40 

587 

31.0 

5 

oo  •  -± 

7^7  Q 

35.64 

35 

5,33 

583 

30.8 

5 

K.A  7 

A.  O 

35.47 

35 

5,34 

574 

30.5 

7 

c-i  q 

771  A 

46.68 

35 

4.49 

497 

17.8 

8 

Q?.  ?. 

7Qfi  1 

56,83 

35 

5.57 

610 

31.8 

9 

1  A  ft 

?.  ^A  A 

14.39 

35 

4.50 

493 

17.6 

10 

31*3 

371  •  4 

34.99 

35 

4.38 

469 

16.7 

11 

43.4 

460.0 

35.96 

35 

4,14 

453 

16.4 

13 

50.3 

495.6 

46.48 

35 

3.71 

406 

14.5 

13 

78.0 

497.1 

58.06 

35 

4,61 

504 

18.0 

T  A 

14 

37,1 

495,9 

O  E  AO 

ob.  48 

4o 

1   a.  o 
0  •  OO 

15 

37.6 

583.0 

36.70 

45 

3.48 

381 

13.65 

16 

5. 5 

390.1 

14.38 

80 

1.30 

143 

5.07 

17 

8.9 

366.6 

14.17 

80 

3.08 

337 

8.10 

18 

40.0 

373.9 

35,61 

35 

3.84 

430 

15.00 

19 

41.4 

358.0 

35.66 

35 

3.98 

435 

15.50 

30 

46.3 

337.5 

35.88 

35 

4.41 

483 

17.35 

31 

45.3 

345.1 

35.  59 

35 

4.35 

476 

17.00 

-46- 

TABLE  NO.  8. 
EXPERIMENTAL  DATA. 
Atlantic  type  Locomotive  No.  5266.  Pennsylvania  Railroad. 

Tested  at  Altcona,  Pa, 


Test 
Num- 
ber 

Horse-Power 
Fric-""  "  Ir.di- 
tion  oated 

Cut-off 
in  per 
cent  cf 
stroke 

Miles 

per 

hour 

Machine 
M.  e.  p. 
"oounds 

Friction  Expressed 
Drawbar  Pounds 
Pull         ton  wei 
pounds      on  driv 

901 

S3  •  5 

419.8 

15.7 

19,10 

13.34 

1816 

33. 

902 

67.4 

477.3 

17.9 

19.10 

12.57 

1716 

31.3 

904 

66.0 

585.6 

33.7 

19.09 

12.40 

1689 

30.75 

906 

95.6 

737.9 

29.7 

19.01 

13,78 

1886 

34.30 

908 

131.4 

687.6 

18,8 

38,65 

12,63 

1653 

30.05 

910 

130.1 

851.1 

24.9 

38.65 

13.50 

1703 

30.90 

913 

114.6 

1015.4 

31.7 

38.65 

11.01 

1499 

27,25 

913 

180.6 

748.8 

16.7 

38.30 

13.01 

1417 

36.78 

914 

160.9 

836.8 

20.2 

38. 30 

11.60 

1579 

28.70 

916 

180.9 

1011.6 

24,9 

38.20 

13.03 

1775 

32,30 

917 

163.9 

1055.0 

27.7 

38,20 

11.74 

1599 

29.10 

918 

158.4 

1133.4 

31.5 

38.30 

11.41 

1554 

28.30 

930 

329.3 

1018.6 

19.5 

47.75 

13.31 

1805 

32.78 

933 

343.1 

1333,7 

25,5 

47,75 

14.01 

1909 

34.70 

933 

204.7 

1085.4 

19.0 

57.30 

8.43 

1148 

20.80 

934 

362  .7 

1164.5 

21.6 

57,30 

13.57 

1713 

31.30 

937 

331.3 

1178.4 

19.9 

66.85 

13.64 

1856 

33.70 

929 

384.4 

1281.3 

31.4 

76,08 

-47- 


TABLE  NO.  9 
EXPERIMENTAL  DATA. 


Atlantic  Type 

Locomotive  No.  318. 

p 

ennsylvania 

Railroad 

Tested  at 

Altoona 

,  Pa. 

Test 
Num- 
ber 

Horse- 
Fric- 
tion 

-Power 
Indi- 
cated 

Cut-off 
in  per 
cent  of 
stroke  . 

Miles 

per 

hour 

Machine 
M.  e.  p 
pounds 

Friction  Expressed 
Drawbar    pounds  p 
Pull.        ton  we  im- 
pounds     on  drive 

3111 

248.2 

746.8 

18.3 

28.01 

20.84 

3324 

52.0 

3112 

235.5 

945.1 

25.2 

28.01 

19.74 

3140 

47.5 

3137 

180.5 

1129.1 

34.4 

38.01 

15.20 

2417 

37.8 

3121 

192.5 

1161.4 

26.4 

37.34 

12.16 

1933 

30.7 

3113 

216.1 

1193.9 

31.5 

37.34 

13,65 

2170 

33.95 

3114 

237.6 

1313.8 

41.1 

37.34 

15.00 

2585 

37,40 

3133 

192.2 

1315.6 

42,8 

37.34 

12,14 

1930 

30.20 

3136 

307.2 

1534.2 

21.2 

46.68 

10.47 

1655 

26.05 

3115 

310.1 

1546.9 

33.7 

46.68 

15.66 

2492 

39.00 

3134 

373.3 

1574.8 

31.5 

46.68 

13.  ei 

1890 

26.45 

3135 

235.2 

1588.2 

31.1 

46.68 

11.88 

2196 

34.38 

3124 

283  •  6 

1596.1 

41.5 

46.68 

14.28 

2271 

35.55 

3117 

358.4 

1624.03 

22.8 

66.02 

15.09 

2400 

37.60 

3116 

385. 5 

1690.5 

33.4 

56.02 

lb .  do 

2581 

40.40 

3109 

327.4 

1691.6 

42.1 

56.02 

13.78 

2192 

34.25 

3139 

384.9 

1724.4 

41.9 

56.02 

16.20 

2581 

40,40 

3119 

575.3 

1738.9 

25.7 

65.35 

20.76 

3302 

51,60 

3122 

455.1 

1776.9 

31.1 

65.35 

16.42 

2612 

40.75 

3125 

456.5 

1820.6 

34.4 

65.35 

16.54 

2631 

41.20 

-48- 

TABLE  NO.  9  (CONT'D) 


Test 
Num- 
ber 

Ho  r  s  e- 
Fr  lo- 
tion 

Power 
Indi- 
c«  ted 

Cut-off 
in  per 

c t.  nf 

stroke 

Miles 
per 

h  C 3  \ )  T 

1  1  V  LAX 

I  lac  hi  tip 
M.  e.  p. 

Fric t  ion 

J.     4a     al>  W     V    ai»   W  at  & 

Drawbar 

^  WAX  «i- 

pounds 

Exorsssed  as 

aW  I  af  V  V>    *.        >  t*a#           \aS  \A           WV  W 

pounds  per 
ton  weight 
-  _pn  drivers. 

3126 

704.0 

1853.0 

21.2 

74.69 

22.33 

3535 

55.40 

3128 

551.1 

1854.7 

25, e 

74.69 

17,40 

3768 

43.40 

3127 

669.6 

1858.4 

30.8 

74.69 

21,14 

3363 

52.60 

3142 

505,4 

1861.8 

31.2 

84.02 

14.18 

3256 

35.30 

3143 

662.1 

1958.5 

31.6 

84.02 

18.56 

3956 

46.30 

-49- 


TAELE  NO.  10 

EXPERIMENTAL  DATA. 

Atlantic  Type  Locomotive  No.  535.  Atchison,  Tcpeka  and 

Vauclain  Compound.  Sante  Fe  Railroad. 

Tested  at  St.  Louis,  Mo. 


Test  Horse-Power  Cut-off  Miles  Machine  Friction  Expressed  as 
Hum-  Fric-  Indi-  in  per  per  M.  e.  p.  Drawbar  Pounds  je  r 
ber  ticn  cated  cent  of  hour  pounds  pull,  ton  weight 
 stroke,   pounds     on  drivers 


601 

52,69 

356,2 

26.7 

18.79 

1057 

31.33 

603 

85.77 

479.0 

31.0 

18.79 

1720 

34.70 

603 

69.37 

570.4 

37.6 

18,79 

1391 

28.10 

604 

166.10 

808,4 

53.0 

18.79 

3309 

66.75 

605 

122.06 

877.1 

36.1 

37.59 

1224 

24.70 

606 

127.15 

999.9 

43.0 

37.59 

1275 

25.77 

607 

161.69 

1296.1 

50.5 

37.59 

1822 

36.80 

609 

392.31 

1414.6 

46.4 

56.35 

2623 

53.00 

610 

244,79 

1549.4 

51.3 

56. 35 

1636 

33.00 

611 

351.66 

1621.5 

52.9 

56.38 

2350 

44.45 

513 

561.65 

1459.7 

47,7 

65.77 

3218 

64.9 

Not  reported 
in  test  data. 


-50- 

TABLE  NO. 

11 

EXPERIMENTAL 

DATA. 

Atlantic  Type  Locomotive  No. 
Balanced  Compound. 

3000. 

New  York  City  and  Hudson 
River  Railroad. 

Tested  at  St. 

Louis,  Mo. 

Test 

Horse- 

Power 

Cut-off 

Miles 

Machine  Friction  Expressed  as 

Num- 
ber 

'  

Fric-  Indi- 
ticn  cated 

in  per 
cent  of 
stroke 

per 
hour 

M.  e.  p.    Drawbar    pounds  per 
pounds        pull.        ton  weight 
pounds      on  drivers 

801 

178.91 

567.4 

36.0 

18.73 

3585 

65.3 

802 

107.97 

714.4 

45.9 

18.76 

3159 

39.4 

605 

73.44 

967.0 

36,3 

37,52 

724 

13.2 

806 

75.73 

1253.0 

43.7 

37.52 

757 

13.8 

!  807 

211.73 

1490.5 

57.1 

37.52 

2116 

38.5 

809 

178.85 

1142.8 

32.2 

56,39 

1193 

21,7 

811 

159.71 

1629.8 

46.6 

56.28 

1064 

19.4 

612 

165.88 

1641.4 

53.7 

56.29 

1105 

20.1 

813 

233.44 

1192.3 

32,2 

65.69 

1276 

23.2 

814 

180.36 

1368.9 

38.2 

65,66 

10  30 

18.  75 

815 

290.28 

1335.7 

41.0 

75.05 

1450 

26,40 

-51- 


TABLE  NO.  13 
EXPERIMENTAL  DATA 
Pacific  Type  Locomotive  No.  877.  Pennsylvania  Railroad. 

Tested  at  Altocna,  Pa. 


lest 
Hum- 
cer 

horse- 
Fric- 
tion 



•Power 
Indi- 
cated 

Cut-off 
in  per 
cent  of 
stroke 



Ililes 

per 

hour 

—  

Machine 
M .  e  •  p . 

pounds 

  — 

Friction 
Drawbar 
pull, 
pounds 

 — 

Expressed  as 
pounds  per 
ton  weiglt 

 pn_ driver a 

3008 

311.7 

931.49 

30.1 

37.91 

15.18 

3844 

31.65 

3001 

308.4 

973.33 

21,4 

37.98 

14,94 

3793 

31.10 

3003 

177.6 

1139.60 

38.4 

37.98 

13,74 

3380 

36.50 

3C03 

187.8 

1448.30 

39.6 

37.98 

13.47 

3517 

38.00 

3004 

156.5 

1463.60 

40,6 

37.98 

11.37 

3134 

23.65 

3005 

397.3 

1339.76 

33.3 

37.31 

15.99 

3988 

33.35 

3006 

370.0 

1441.30 

30.3 

37.31 

14.53 

3713 

30.30 

3007 

381.0 

1663.80 

35.3 

37.31 

15.11 

3824 

31.45 

3CC9 

377.1 

1524.40 

33.4 

37.33 

14.90 

3793 

30.10 

3027 

185,1 

1984,50 

44.9 

37.33 

9.96 

1865 

30.80 

3039 

181.4 

3047.80 

49.3 

37,23 

9.76 

1838 

30.35 

3010 

375.6 

1430,60 

33,7 

46,53 

11.86 

3321 

34.78 

3038 

311.5 

1687.40 

39,6 

46.53 

9.10 

1705 

19.00 

3011 

191.3 

1908.70 

33.8 

46.53 

8.33 

1541 

17.15 

3016 

361.3 

3370.00 

50.0 

46.53 

11.34 

3106 

33.40 

3017 

350.3 

3339.70 

50.9 

46,53 

10.76 

3017 

33.40 

3023 

446.7 

1634.30 

34.8 

55,83 

16.03 

30C1 

33.40 

3012 

510.8 

1910.00 

38.0 

55.83 

19.07 

3431 

38.30 

3021 

389.1 

3073.10 

33.9 

55 . 63 

13.95 

3614 

39,05 

-52- 


TABLE  NO.  13  (CONT'D) 


Test 

Horse 

-Power  Cut 

-off 

Miles 

Machine 

Friction 

Expressed 

Num- 

Fric- 

Indi- in 

per 

per 

M.  e.  p. 

Drawbar 

pounds  j 

ber 

tion 

cated      cent  of 

hour 

pounds 

pull. 

ton  wei 



 stroke  





_  _pounds_ 

on  driv 

3013 

594.1 

3160.50 

36,3 

55.82 

31.30 

3991 

44,40 

3030 

330,1 

3411.00 

50,4 

55.83 

11.84 

3318 

34.65 

3035 

353.6 

1839.80 

34,8 

65.13 

7.79 

1460 

16.50 

3014 

333.3 

3104.00 

39.8 

65.13 

9.91 

1856 

30.65 

3026 

447.3 

3358.63 

35.4 

65.13 

13.74 

2575 

38.60 

3015 

456.0 

3399.90 

35.7 

65.13 

14.01 

2635 

39,20 

3C34 

490.4 

3033.10 

33.5 

74.43 

13.19 

3471 

37.50 

3019 

475.3 

3390.30 

30.3 

74.43 

13.78 

3394 

36.65 

3033 

646.4 

3457.30 

35.1 

74.43 

17.38 

3356 

36.20 

3030 

8S0.6 

3576.20 

38,5 

83.74 

31.29 

3988 

44.45 

-53- 

TABLE  NO.  13 
EXPERIMENTAL  DATA 
Pacific  Type  Locomotive  No.  3395.  Pennsylvania  Railroad- 

Tested  at  Altoona,  Pa, 

Teat       Horse-Power      Cut-off    Miles    Machine  Friction  Expressed  as 
Num-      Fric-    Indi-      in  per      per       M.  e.  p.      Drawbar    pounds  per 
ber       tion     cated      cent  of    hour     pounds         pull.        ton  weight 
 strode  pounds  on  drivers 


3449 

154.6 

950. 9 

20.8 

23.65 

9,73 

2450 

24.80 

3459 

139.5 

933,7 

18.4 

23  •  66 

8.77 

2212 

22.40 

3434 

141,7 

944.0 

20.2 

23  •  65 

8.91 

2246 

22.78 

34C9 







23.76 



— 



3410 







23.76 







3435 

133.9 

1385.6 

28.1 

38.39 

7.02 

1769  . 

17.90 

345C 

90.8 

1385.6 

28.6 

28.39 

4.76 

1199 

12.15 

2414 

330.1 

1833.5 

31.7 

38.20 

9.04 

2370 

23.00 

3416 

239.8 

1840.7 

31.6 

38.20 

9,01 

3361 

22,90 

3480 

38.20 

3436 

177.2 

1762.5 

33.1 

37.85 

S.97 

1755 

17.75 

3453 

120.0 

1789.1 

31.1 

37.86 

4.72 

1189 

12.00 

2457 

134.7 

1763.0 

31.6 

37.86 

5.39 

1334 

13,51 

3413 

381.3 

1978.3 

29.2 

42.77 

13.52 

3343 

33,85 

3432 

277.3 

3246.5 

39,4 

42.77 

3431 

24,60 

2438 

196.1 

2243.5 

41.1 

42.59 

6.85 

1727 

17.49 

2437 

236.5 

2269.1 

42.5 

43.59 

8.36 

2083 

21.10 

2426 

43.77 

2451 

211.6 

2372.0 

46.0 

43.59 

7.39 

1863 

18.85 

-54- 




TAEL 

E  NO.  13 

(CONT'D) 

Test 

Hcree 

... 
-Power 

.  .  .,. 
Cut-off 

Miles 

Machine 

Friction 

Expressed 

Rum- 

h  tt  y 

Fric- 

u  1  I'll 

Indi- 
cated 

in  per 
cent  of 
stroke 

per 
hour 

If.  e.  p. 
pounds 

Drawbar 
Pull. 

_  PPuH^s_ 

1403 

pounds 
ton  v;ei 
on  driv 

3460 

159.3 

3303.9 

44.7 

43.59 

5.56 

14.20 

3455 

203.0 

3309.3 

45.2 

47.33 

6.35 

1601 

16.30 

3458 





— 

47.33 







2441 

533.7 

1955,1 

35.0 

56,78 

13.96 

3518 

35.60 

3430 

540.6 

3307.7 

30.5 

57.03 

14.16 

3555 

36.00 

3433 

516.7 

3150.8 

35.7 

57.03 

13.54 

3398 

34,40 

3433 

649.7 

3351. 3 

35,4 

57.03 

17.02 

4373 

43.35 

3439 

534.1 

3383.6 

36.1 

56.78 

13.99 

3537 

35.65 

3446 

535.1 

2350, 6 

36,1 

56.78 

13.76 

3468 

35.10 

3447 

434.4 

3564.1 

43.4 

56.78 

11.38 

3869 

39.05 

3448 

481.1 

3437,6 

46.3 

56.78 

13,60 

3177 

33.15 

3454 

— 



— 

66.78 







3461 

475.6 

1733.9 

31.9 

66.35 

10.68 

3693 

37.35 

3440 

499,0 

3405,8 

36.5 

66.25 

11.20 

282  5 

38.60 

3443 

446,8 

3359.4 

37.3 

66.35 

10.03 

3539 

35.60 

3443 

494,5 



43.5 

66.25 

11.10 

2799 

38.30 

3444 

648.  C 

3343.9 

31.6 

75.71 

13.73 

3210 

33.50 

3445 

665. 8 

3510.0 

38.3 

75,71 

13.08 

3397 

33.35 

3453 

696.1 

3364.3 

31.5 

85.18 

15.65 

3945 

40.00 

3463 

877.4 

3373.3 

34.1 

85.18 

15,33 

3863 

39.10 

-55- 

TAELE  NO.  14 
EXPERIMENTAL  DATA. 
Pacific  Type  Locomotive  No.  89.  Pennsylvania  Railroad. 

Tested  at  Altocna,  Pa. 

Test        Horse-Fower      Cut-off      Miles    Machine  Friction  Expressed  as 


Num- 

Fric- 

Indi- 

r*  o  +  ■ 

in  per 
ogni  oi 
stroke 

per 
nour 

*  1 1    s  •  p  • 

pO  uliu.5 

Drawbar 

pUi.  JL  . 

pounds 

pounds  per 
on  drivers 

£801 

180,0 

756.1 

21.0 

28.24 

c 

15.49 

2390 

33.90 

2818 

143.3 

937.7 

27.8 

28.24 

12.33 

1910 

27.10 

2602 

176.9 

1055.1 

30.2 

28.24 

15.23 

2349 

33,30 

2817 

154.3 

1228.8 

42.8 

28.24 

13.28 

2049 

29.00 

2814 

224.1 

1265.1 

29.4 

37,65 

14.47 

2232 

31.60 

28C3 

263.1 

1356.4 

32.0 

37.65 

16.98 

2620 

37.20 

2604 

369.8 

1356.7 

36.2 

37.65 

17.34 

2687 

38.20 

28C8 

171.6 

1424.0 

49.8 

37,65 

11.08 

1709 

24.30 

2626 

357.8 

1489.2 

23.6 

46,90 

18.48 

2861 

40.60 

28C7 

375.6 

1529.3 

30.8 

47.06 

19.40 

2992 

42.50 

2615 

324.9 

1554.1 

37.3 

47.06 

16.78 

2589 

36.80 

2609 

172.7 

1721.4 

50.7 

47.06 

8,92 

1376 

19.50 

2810 

177.0 

1735.4 

51.7 

47,06 

9.14 

1410 

20.00 

2816 

268.0 

1741.5 

25.0 

56.47 

12.39 

1912 

27.18 

2813 

363.0 

1844.7 

32 .9 

56.47 

15.79 

2436 

34.50 

2811 

553.0 

1875.6 

35.7 

56.47 

23.80 

3673 

52,00 

2625 

450.8 

1880.0 

41.0 

56.28 

19.40 

3004 

42.60 

2819 

468.4 

1967.2 

25.6 

65.66 

17.28 

2675 

37.90 

2821 

515,2 

1993.6 

32.8 

65.86 

19.00 

2843 

41.75 

-56- 

TABLE  NO.  14  (CONT'D) 


Test 
Num- 
ber 

Horse- 
Fric- 
tion 

•  Power 
Indi- 
cated 

Cut-off 
in  per 
c  en  t  c  f 
stroke 

Miles 

per 

hour 

Machine 
M.  e.  p. 

pounds 

Fricticn 
Drawbar 
pull, 
pounds 

Expressed  as 
pounds  per 
ton  weight 
on  drivers 

3820 

474,1 

1994.3 

41,3 

65.65 

17.49 

3708 

38.40 

3312 

376,8 

3016.0 

36,3 

65.88 

13.90 

3144 

30.40 

2334 

536.0 

3043.7 

25.8 

75.04 

16,98 

3639 

37.30 

3827 

535. 3 

3065.4 

30.3 

75.04 

18.99 

3940 

41,40 

2833 

644. S 

3116.8 

33.8 

75.04 

20,83 

3333 

45.80 

3838 

518.8 

2265.4 

37.5 

84.42 

14.83 

3396 

32,60 

3840 

645.1 

3350.1 

37,5 

84.43 

18.51 

3865 

40,65 

2839 

625.3 

3355.3 

36.1 

84.43 

18.71 

3777 

39.40 

-57- 

TABLE  NO.  15 
EXPERIMENTAL  DATA. 
Consolidation  No.  149S.  Pennsylvania  Railroad. 

Tested  at  St.  Louis,  Mo. 


Test  Horse-Power  Cut-off  Miles  Machine  Friction  Expressed  as 
Bub-  Fric-  Indl-  in  per  per  M.  e.  p.  Drawbar  pounds  per 
ber         tier.      cated    cent  of      hour      pounds       Pull.        ton  weight 


n  ti  to  Itp 

-rounds 

on  drive 

110 

XXV 

8^  3 

36*)  7 

22  4 

6  70 

19.97 

"  4764 

47 

111 

81.0 

454-  K 

30  4 

6-  72 

18  97 

XO  .  w  1 

4524 

52  3 

1C3 

133  0 

650  0 

22  8 

1  R  40 

13  R7 

32  37 

37-4 

109 

1  OR  A 

RR7  6 

20  RR 

13 

12  35 

2944 

34  1 

11  2 

X  X  Si 

X  *x«7  .  »5 

779  3 

2Q  ? 
At? .  a 

1  3  24- 

1  7  74. 

X  I  .  i  » 

4.2  3  3 

48  4 

1 18 
X  xo 

141  3 
X *±x  .  o 

930  R 

39  3 

1  3  40 

X  w  .  x  V 

1  6  R7 

3953 

45  6 

1  OR 

X  wO 

1618 
xox .  o 

RQ  k  p 

13  ?3 

19  23 

4584 

52-  9 

116 

187  0 

975  1 

31  3 

19  95 

14  74 

3513 

*J  w  X  ^ 

40-  5 

115 

187.5 

1036.1 

33,96 

20.04 

14.70 

3509 

40.  5 

102 

187.8 

803. 2 

22.16 

26.63 

11.09 

2644 

30.6 

105 

257.9 

951.4 

28.03 

26.20 

15.48 

3693 

43,65 

113 

206.3 

968.2 

30.12 

26.37 

12.28 

2932 

33.80 

106 

276.1 

1050.3 

32.94 

26.73 

16.24 

3873 

44.75 

117 

248.0 

1023.7 

35.30 

26.68 

14.61 

3485 

40.4 

101 

203.4 

851.7 

42.14 

26.66 

11.99 

2860 

33.1 

104 

207.1 

803.1 

45.09 

26.72 

12.18 

2806 

33.4 

114 

170.4 

562.2 

,49.80 

26.71 

10.03 

2393 

27.6 
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